perceptions. These 8 subscales are then used to calculate composite Physical Component Summary (PCS) score and Mental Component Summary (MCS) score. The advantages of calculating component scores include smaller confidence intervals, smaller floor and ceiling effects, greater statistical power, and reduced chance of type 1 error.
A few studies that examined HRQoL of patients with DFCs using SF-36 report decreased PCS scores in patients with diabetic foot problems but no significant decrease in MCS scores. [9] [10] [11] [12] [13] Interestingly, factors such as ulceration, renal failure, and overall presence of a diabetic foot condition seem to influence the MCS less significantly relative to physical function. [9] [10] [11] [12] [13] The traditional SF-36 calculates component scores using an orthogonal method of factor analysis, which assumes that mental and physical HRQoL are uncorrelated. However, a study by Taft et al 14 suggested that assuming mental and physical HRQoL are uncorrelated may lead to bias as mental health subscales are outweighed by physical health subscales. A recent study by Laucis et al 15 compared the orthogonal method with an oblique factor analysis model that allows for correlation between mental and physical health. 15 The aims of this study were to (1) assess physical and mental HRQoL in patients with diabetes with or without DFCs and (2) evaluate whether mental HRQoL is significantly different using orthogonal or oblique factor analysis.
Methods
Institutional board review approval was obtained prior to the study. A single surgeon (DKW) created a prospective foot registry and treated all patients included in this study at a tertiary care academic center. A retrospective search of the registry was performed, identifying patients with diabetes who had completed the SF-36. The inclusion criteria for the study included a diagnosis of diabetes mellitus, regardless of method of glycemic management. A total of 300 patients were identified, and individual patient responses on the SF-36 were utilized to assess patient HRQoL. These patients were selected from a diverse patient population, representing the various pathologies encountered by diabetic foot and ankle surgeons. The selection of patients was performed by DKW and included patients with DFC (ulcers, infection, CN, and amputations) as well as a control group of patients without DFC (routine foot screening, tendonitis, sprains, strains, etc). The selection of patients was done without knowledge of SF-36 scores and based solely on diagnosis. Consequently, our selection of patients was neither random nor consecutive. For the purposes of analysis, we defined our study group as patients with DFC and our control was defined as patients without DFC. The datasheet of the patient responses on the SF-36 survey was de-identified and analyzed by an author (JA), who was blinded to the presence or absence of DFCs. The SF-36 subscales were calculated using responses to the individual items on the questionnaire, and PCS and MCS scores were calculated using SF-36 subscales through factor analysis coefficients from orthogonal and oblique rotations. 
Results
Out of 300 patients, 155 patients (52%) experienced a DFC, and 145 patients (48%) did not. The median age was 58 years (IQR = 51-65), 40.7% (122 out of 300) were female, 87.7% (263 out of 300) had type 2 diabetes, the median duration of diabetes was 10 years (IQR = 6-19), insulin use was 58.3% (175 out of 300), and 26.8% (59 out of 300) reported previous surgery. Patients that experienced a DFC were significantly younger (P = .035), more often male (P < .0001), less likely to have type 2 diabetes (P = .024), had a longer duration of diabetes (P < .0001), were more likely to be treated with insulin (P < .0001), and were more likely to have had previous lower-extremity surgery (P < .0001; Table 1 ).
Among the 8 SF-36 subscales, patients in the DFC group had significantly lower responses listed in Table 2 . Overall physical function, reported as the PCS score, was significantly decreased in the DFC group when calculated with factor coefficients calculated through either orthogonal (P < .00001) or oblique (P < .00001) rotation methods. However, the MCS score was significantly reduced in patients with DFC calculated with oblique rotation factor coefficients (P = .0005), but there was no significant difference in the MCS when calculated with orthogonal rotation factor coefficients (P = .16). A shortened, 12-item form of the SF-36 (SF-12) demonstrated the same relationship between DFC and orthogonal SF-12 PCS (P < .00001) and SF-12 MCS scores (P = .11) and oblique PCS (P < .00001) and MCS scores (P < .00001).
Orthogonal and oblique PCS and MCS scores were further evaluated by observing how different factor rotation methods affect the calculation of component summary scores. As shown in Table 3 , PCS and MCS scores calculated through orthogonal and oblique factor rotation methods were compared within the DFC and no DFC groups. Orthogonal and oblique SF-36 PCS scores did not significantly differ in the DFC group (P = .159) and in the Overall SF-36 MCS scores calculated using oblique method were significantly lower than SF-36 MCS scores calculated through the orthogonal method (p<0.00001).
f Overall SF-12 MCS scores calculated using oblique method were significantly lower than SF-12 MCS scores calculated through the orthogonal method (p=0.00001).
g In the diabetes foot complications group, SF-36 MCS scores calculated using oblique method were significantly lower than SF-36 MCS scores calculated through the orthogonal method (p=0.0004). h In the diabetes foot complications group, SF-12 MCS scores calculated using oblique method were significantly lower than SF-12 MCS scores calculated through the orthogonal method (p=0.0004). In the no diabetes foot complications group, SF-36 MCS scores calculated using oblique method were significantly lower than SF-36 MCS scores calculated through the orthogonal method (p=0.005). In the no diabetes foot complications group, SF-12 MCS scores calculated using oblique method were significantly lower than SF-12 MCS scores calculated through the orthogonal method (p=0.048).
group without DFCs (P = .214). Furthermore, SF-12 PCS scores showed a similar trend in patients with DFCs (P = .54) and patients without DFCs (P = .61) groups. However, oblique SF-36 MCS scores were greatly decreased compared with orthogonal SF-36 MCS scores with a median difference of −6.57 in the DFC group (P = .0004) and −3.92 in the non-DFC group (P = .005). Oblique SF-12 MCS scores were also significantly decreased in patients with DFCs (P = .001) and patients without DFCs (P = .048) groups.
Discussion
There have been multiple developments in the SF-36 since its inception. The original version developed in 1992, the Ware-36, uses an orthogonal factor rotation, which by definition assumes that physical and mental subscales are not correlated ( Figure 1) . 8, 15 However, in 1993, Hays, Shelbourne, and Mazel developed the RAND-36, a publicly available version of the SF-36 that utilizes an oblique factor analysis method that allows for physical and mental health scores to be correlated (Figure 2) . 16 In addition to the difference in MCS and PCS score calculations, the RAND-36 scales patient responses are slightly different from the Ware-36 responses. While a 5-point scale on the Ware-36 increases from 0, 25, 60, 85, 100, the RAND-36 takes an even approach with increments of 25 from 0 to 100. However, Hays et al 16 found no differences between Ware-36 and RAND-36 scores when they applied both to the same patient population. Interestingly, subsequent studies have demonstrated significant differences in orthogonal and oblique MCS scores in certain patient populations such as those with multiple sclerosis and other orthopedic conditions. [17] [18] [19] [20] Laucis et al 15 described these differences within orthopedic conditions and discovered that patients with greater physical dysfunction tend to have overestimated MCS scores due to negative factor scoring coefficients for physical components when calculating the overall mental component score.
The SF-36 is one of the most utilized patient-reported outcome measures in diabetes-related foot disease; however, there is no "gold standard" for measuring HRQoL in this patient population. 9 Diabetic foot disease has a significant impact on physical HRQoL, but the influence on mental HRQoL has not been consistently demonstrated in the current literature. 6, 9, [21] [22] [23] Although relatively high mental quality of life has been consistently reported in patients with diabetic foot disease, this remains surprising given the morbidity of foot ulcers, wounds, CN, infection, and amputations. There are several possible explanations for this observation. First, the traditional methods of calculating SF-12 and SF-36 scores may not capture emotional distress in this patient population. Second, the generic measures of the SF-12 and SF-36 may not be sensitive enough to identify emotional distress and depression in patients with diabetic foot disease. 24, 25 Third, the absence of pain due to diabetic neuropathy may minimize emotional distress. Our findings suggest that SF-36 MCS scores calculated using orthogonal factor coefficients significantly overestimate mental HRQoL in diabetic patients, regardless of presence of diabetes-related foot disease. However, overestimated SF-36 MCS scores appear to be more robust with decreased physical activity, such as that associated with DFCs. 17 There are limitations to this study that merit discussion. Although the SF-36 instruments were prospectively obtained, our retrospective retrieval of data is prone to errors in data collection. Second, our selection of patients introduces the possibility of selection bias. Nonetheless, we attempted to identify a diverse group of patients representing a broad range of foot pathology, including those with and without diabetes-related foot complications. We attempted to minimize selection bias by calculating the SF-36 scores in a blinded fashion with regard to patient diagnosis.
In conclusion, previous studies examining patientreported quality of life through the SF-36 in the context of diabetic foot disease may be underestimating mental HRQoL by calculating component summary scores using factor coefficients determined through orthogonally rotated factor analysis. The current study suggests that SF-36 MCS scores calculated using oblique rotation better captures mental health in patients with significant difficulties with physical function associated with diabetic foot problems such as ulcers and wounds. However, overall physical function described by PCS scores was not significantly different between orthogonal and oblique rotation methods. Although the traditional calculation of summary scores through orthogonal rotation may be appropriate for certain patient populations, patients with diabetes-related foot disease do not seem to be included in that category. Based on our findings, we recommend using the version of the SF-36 that utilizes oblique rotation factor coefficients (RAND-36) to assess the impact of diabetic foot wounds and other diabetes-related foot disease on HRQoL. Furthermore, previous studies that have reported overall mental health in patients with diabetes-related foot disease may need to be reexamined in future reports.
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